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I .  BACKGROUND 


A.  Army  BITE  Program 

In  spite  of  product  improvements,  modifications,  etc.,  the  air  induction 
system  has  been  for  many  years  and  continues  to  be  a  major  maintenance  problem 
in  the  M60  Main  Battle  Tank  as  described  by  the  U.S.  Army  Material  Systems 
Analyses  Activity  (AMSAA)  in  various  Field  Equipment  and  Technology  Division 
reports  and  digests  (1-3) * .  Field  reports  showed  an  abnormally  high  failure 
rate  for  the  AVDS-1790  series  engines  due  to  air  filter  overloading,  induction 
system  leakage,  and  other  hardware  malfunctions  which  permit  excessive  dust 
ingestion  into  the  engine.  Therefore,  an  Air-BITE  (Built-In  Test  Equipment)  de¬ 
vice  which  could  detect  excessive  dust/sand  ingestion  would  serve  as  an  early 
warning  against  engine  degradation. 

Oil-BITE  would  be  used  to  supplement  the  present  AOAP  system  by  enabling 
motor  pool  personnel  to  monitor  oil  quality  between  normal  AOAP  samplings. 

Such  action  would  assure  rapid  detection  of  degradation  or  contaminated  crank¬ 
case  oil. 

B.  Air-BITE 


When  engine  air  filters  fail  or  intake  air  system  leaks  occur,  dust  and 
dirt  are  ingested  by  the  engine,  causing  rapid  wear  in  the  bearings,  cylinders, 
and  cam  areas.  The  resulting  oil/dirt  mix  produces  an  abrasive  grinding  fluid 
which  normal  oil  filtration  cannot  adequately  remedy.  A  BITE  device  is  needed 
to  monitor  the  air  entering  the  operating  engine  and  to  detect  the  presence  of 
dust.  When  the  concentration  of  dust  exceeds  the  level  expected  for  a  properly 
functioning  air  filter  system,  the  BITE  should  signal  the  vehicle  operator  that 
corrective  action  must  be  taken. 

All  commercial  engine  air  filters  permit  passage  of  some  dust  under  normal 
operation  conditions.  This  normal  dust  level  is  in  the  range  of  0.02  mg  dust/ft 
The  Air-BITE  should  be  responsive  to  levels  above  0.02  mg  dust/ft^  within  a 
reasonable  period  of  time,  thus  eliminating  false  signals  that  would  reduce  the 
systems  usability. 

The  BITE  must  also  be  responsive  to  a  wide  range  of  dust  particle  sizes 
which  can  be  experienced  in  the  field.  Particles  less  than  3  micrometers  would 
not  be  considered  as  harmful  as  those  in  the  3-  to  25-micrometers  range. 

C.  Oil-BITE 

Oil  quality  in  operating  field  vehicles  is  currently  monitored  by  the  Army 
Oil  Analysis  Program  (AOAP)  laboratories  by  sampling  the  lubricating  oil  of 
operational  vehicles  on  a  regularly  scheduled  basis  and  performing  specific 
laboratory  tests  on  those  samples.  These  test  results  are  then  compared  with 
the  results  of  previous  samples  from  the  same  vehicle,  correlated  with  estab¬ 
lished  guidelines  and  limits  and  corrective  action  is  prescribed  if  the  results 
fall  outside  acceptable  standards.  This  procedure  prevents  premature  engine 


*  Underscored  numbers  in  parentheses  refer  to  the  list  of  references 
at  the  end  of  this  report. 


failure  in  many  cases,  but  some  failures  occur  because  of  rapid  degradation  of 
oil  quality  caused  by  overstressing  of  the  oil.  Rapid  failure  of  the  oil  can 
occur  shortly  after  routine  sampling  and  analysis,  and  severe  engine  damage  or 
failure  can  occur  before  the  next  scheduled  oil  sampling. 

An  Oil-BITE  which  would  serve  as  an  early-warning  adjunct  to  the  AOAP  Lab 
analysis  could  save  many  "rapid"  engine  failures.  When  the  oil  begins  to  fail, 
an  Oil-BITE  could  indicate  such  degradation,  and  an  unscheduled  sample  could  be 
sent  to  the  AOAP  Lab  for  confirmation  and  corrective  action  recommendations. 

Monitoring  of  oil  quality  in  tactical  and  combat  vehicles  is  a  difficult 
task  due  to  the  several  factors  influencing  the  properties  to  be  monitored. 

These  properties  and  some  of  the  problem  factors  are: 

1.  Viscosity--A  variety  of  problems  must  be  considered  when  the  lubricating 
oil  viscosity  is  a  criterion  for  its  usefulness  as  a  lubricant.  The  viscosity 

of  oils  supplied  under  MIL-L-2104C  to  the  Army  varies  within  a  given  grade  be¬ 
cause  of  normal  specification  max/min  limits.  As  the  oil  temperature  in  the 
operating  vehicle  changes,  especially  during  warmup,  the  viscosity  of  the  oil 
will  vary  over  a  wide  range.  Different  grades  of  lubricants  are  used  in  the 
vehicles  depending  on  the  climatic  conditions,  so  the  use  of  viscosity  as  a 
criterion  for  vehicle  lubricant  quality  must  be  carefully  employed  to  avoid 
false  indications. 

Other  factors  also  influence  the  viscosity  of  the  oil  and  must  be  considered. 
Fuel  dilution  or  erroneous  introduction  of  oil  of  a  lower  viscosity  grade  can  re¬ 
duce  the  oil  viscosity  and  its  ability  to  protect  the  rolling  and  rubbing  sur¬ 
faces.  Oxidation  thickening  of  the  oil  produced  by  stressing  of  the  oil  in 
service  can  increase  the  viscosity  and  limit  the  oils’  cooling  effects  because 
of  inadequate  flow.  Prolonged  use  can  produce  heavy  soot  loading  and  sludge 
buildup  which  can  also  increase  the  viscosity  to  unacceptable  limits.  Thus,  an 
out-of- range  viscosity  measurement  could  indicate  a  variety  of  problems  in  the 
fielded  vehicle  but  correlation  of  the  measurement  is  difficult. 

2.  Acidity--Acids  are  produced  by  the  combustion  process  and  are  introduced 
in  the  blowby  gases  to  the  crankcase.  Organic  acids  are  produced  by  high-tempera¬ 
ture  stressing  of  the  oil.  These  acids  deplete  the  alkaline  additive  package, 

and  corrosive  wear  can  result  as  the  acidity  of  the  oil  reaches  a  point  where 
metal  attack  can  begin.  It  is  very  important  to  monitor  oil  acidity  to  avoid 
such  corrosive  wear. 

3.  Wear  Metals--The  wear  metal  content  of  an  oil  is  an  indication  of 
corrosion,  erosion,  or  mechanical  failure  of  some  key  component.  A  built-in 
device  would  be  very  valuable  if  it  could  indicate  the  rate  of  wear.  Since  the 
rate  of  wear  would  be  difficult  to  measure,  total  wear  metal  content  would  be 
of  real  value  in  indicating  need  for  unscheduled  oil  sampling  or  draining. 


II.  OBJECTIVES 


V 


The  objectives  of  this  program  were  as  follows: 

•  Investigate  commercially-available  Built-In  Test  Equipment  (BITE) 
for  monitoring  (a)  engine  induction  air  for  airborne  contaminants 
and  (b)  engine  oil  condition. 

•  Provide  technical  support  for  procurement,  laboratory  evaluation, 
and  analysis  of  commercial  Air-  and  Oil-BITE  devices  to  determine 
units  suitable  for  field  testing. 

•  Select  one  device  for  each  application. 

•  Conduct  realistic  field  evaluation  of  the  selected  BITE  devices. 
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III.  APPROACH 


Candidate  suppliers  were  identified  and  briefed  on  the  objectives  of  Air- 
and  Oil-BITE  (4) .  Potential  suppliers  were  informed  that  in  order  to  complete 
the  program  in  three  years,  a  primary  requirement  was  to  use  existing  equipment 
with  little  or  no  redesign  work.  Of  twelve  companies  identified  and  visited, 
seven  were  considered  as  potential  suppliers.  Three  of  these  companies  were 
considered  prime  prospects,  and  four  were  viewed  as  long-term  alternate  suppliers. 

Laboratory  testing  was  conducted  at  vendor  laboratories  under  Southwest 
Research  Institute  (SwRI)  supervision  to  determine  the  Air-  and  Oil-BITE  candidate 
that  would  be  best  suited  for  field  testing. 

Initial  procurement  was  made  of  twelve  dust  detectors  and  three  oil  ana¬ 
lyzers  for  field  testing  at  Ft.  Hood,  TX.  The  dust  detectors  were  mounted  in 
M60  and  M113  vehicles.  Two  additional  oil  analyzers  were  procured  as  backup 
units  for  the  ones  being  field  tested,  and  twelve  additional  dust  detectors 
were  purchased  and  mounted  on  M60  vehicles  at  Ft.  Lewis,  WA. 
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IV.  EQUIPMENT  SELECTION 


A  summary  of  projected  purchase  volumes  was  required  to  present  informa¬ 
tion  to  the  potential  suppliers.  A  search  of  the  literature  for  commercial 
devices  which  might  meet  the  requirements  of  the  program  was  conducted,  and  the 
suppliers  were  contacted  to  determine  interest  and  potential.  The  literature 
provided  names  of  organizations  which  might  be  potential  suppliers  of  BITE 
devices.  The  companies  visited  were: 

•  Beckman  Instruments,  Inc.  Fullerton,  CA  -  Oil/Air  BITE 

•  Pall  Corporation,  Glen  Cove,  L.I.,  NY  -  Oil/Air  BITE 

•  Donaldson  Company,  Inc.,  Minneapolis,  MN  -  Air  BITE 

•  Royco,  Inc.,  Menlo  Park,  CA  -  Air  BITE 

•  Harry  Diamond  Laboratories,  U.S.  Army,  Silver  Springs,  MO  -  Oil  BITE 

•  Kevex  Corp.,  Foster  City,  CA  -  Oil  BITE 

•  Norcross  Corp.,  Newton,  MA  -  Oil  BITE 

•  Northern  Instruments,  Inc.,  Lino  Capes,  MN  -  Oil  BITE 

•  Pitchford  Scientific  Instruments,  Canonsburg,  PA  -  Oil  BITE 

•  Princeton  Gamma-Tech,  Princeton,  NJ  -  Oil  BITE 

•  Technical  Development  Co,  (TEDECO) ,  Glenalden,  PA  -  Oil  BITE 

•  Texas  Instruments,  Inc.,  Attleboro,  MA  -  Oil  BITE 

Several  smoke  detector  manufacturers  were  contacted  for  Air-BITE.  Some  of 
the  commercially  available  smoke  detectors  have  potential  as  dust  detectors  be¬ 
cause  they  are  optical  in  design,  but  no  manufacturer  was  interested  in  partici¬ 
pating  in  the  Air-BITE  program  due  to  the  relatively  low  volume  of  devices 
which  would  be  purchased  by  the  Army. 

Briefing  sessions  were  held  with  key  engineering  and  marketing  personnel 
of  each  company  to  outline  the  purpose,  objectives,  time  frame,  and  the  problem 
areas  involved  in  the  BITE  program.  Each  company  was  given  the  option  of 
participating  in  Air-BITE,  Oil-BITE  or  both.  The  briefings  also  provided  the 
opportunity  for  SwRI  personnel  to  evaluate  the  companies1  approaches,  facilities, 
and  capabilities  to  supply  and  support  a  BITE  item.  After  allowing  one  to  two 
weeks  for  consideration,  marketing  management  was  contacted  by  telephone  to 
determine  the  level  of  interest  of  the  potential  supplier  for  BITE  devices. 

Prior  to  the  actual  testing  of  potential  BITE  candidates,  TACOM  personnel 
visited,  reviewed,  and  planned  the  program  activities.  The  BITE  phase  was 
discussed  in  detail,  including  respondents’  approaches  to  meeting  program 
requirements.  Overall,  the  responses  from  industry  and  approaches  available  to 
meet  both  Air-BITE  and  Oil-BITE  objectives  were  considered  good,  although  Oil- 
BITE  response  could  not  be  completely  problem-solving  because  of  the  complexity 
of  the  multifaceted  objectives. 

Table  1  lists  the  potential  suppliers  for  follow-up  consideration.  The 
first  three  were  considered  prime  prospects.  The  other  four  were  to  be  considered 
as  long-term  alternate  suppliers. 


11 


TABLE  1.  POTENTIAL  BITE  SUPPLIERS 


Potential  Suppliers 

Donaldson 

Royco 

Northern 

Texas  Instrument 

Tedeco 

Pall 

Norcross 


Type  BITE 

Air  (Filter  Type) 

Air  (Optical) 

Oil  (Dielect) 

Oil  (Acidity) 

Oil  (Mag.  Chip) 

Oil  (Diagnos.  Filt.) 
Oil  (Viscosity) 


In  summary,  the  briefing  and  planning  phases  produced  three  prime  candidates: 

•  The  Donaldson  filter-type  dust  detector 

•  Royco  optical  dust  detector 

•  Northern  Instruments*  LUBE-SAFE  handheld  oil  monitor 

After  review  of  the  overall  objectives,  these  three  candidates  were  selected 
for  more  extensive  and  immediate  testing.  Details  of  this  testing  are  given  in 
the  following  section. 
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V.  LABORATORY  TEST  PROGRAM 


A.  Air-BITE 

1.  Donaldson- -Tentative  test  plans  were  made  with  the  Donaldson  Company 
to  establish  sensitivity  and  total  contaminants  level  at  which  the  Donaldson 
Dust  Detector  signals  contamination.  Tests  were  run  at  Donaldson  under  SwRI 
staff  supervision.  The  equipment  evaluated  by  Southwest  Research  Institute 
had  been  on  the  commercial  market  for  two  years  in  off-road  usage. 

This  commercially  available  device  was  tested  for  repeatability,  sensitivity, 
and  response  time.  Donaldson  Bulletin  No.  P45-7649  shown  as  Appendix  A  illus¬ 
trates  the  detector  and  its  position  relative  to  the  intake  manifold  or  turbo¬ 
charger  inlet. 

Test  conditions  were  calculated  based  on  the  airflow  rates  expected  in 
M60  and  Ml 13  vehicles.  The  dust  detectors  would  be  required  to  function  from 
idle  speed  to  full  throttle  in  low  and  heavy  dust  environments.  It  was  decided 
to  test  at  near  full  throttle  conditions  when  heaviest  dust  conditions  could  be 
expected.  This  corresponds  to  675  SCFM  for  the  Detroit  Diesel  6V53  engine  and  980 
SCFM  for  the  6V53T  engine  used  in  the  M113  vehicle.  The  M60  has  two  air  induction 
systems,  one  for  each  bank  of  six  cylinders,  and  the  maximum  airflow  expected 
in  each  system  is  600  SCFM.  Airflow  of  900  SCFM  was  chosen  as  the  test  condition 
maximum. 

Dust  levels  during  the  test  were  difficult  to  select  and  control,  especially 
at  low  concentrations.  The  dust  to  be  used  was  AC  Fine  Test  Dust,  an  industry 
standard.  The  efficiency  of  the  air  filters  for  either  the  M60  or  the  M113  is 
about  99  percent  for  new  filters.  As  the  filters  become  dirt-laden,  the  efficiency 
rapidly  rises  to  approximately  99.9  percent.  Dust-filled  air  is  considered 
zero  visibility  at  25  mg  dust/SCF.  Thus,  a  new  air  filter  in  zero  visibility 
dust  could  pass  dust  at  the  0.25  mg/SCF  level  initially  and  still  be  functioning 
properly.  Of  course,  at  these  levels,  the  filter  will  quickly  load  and  become 
more  efficient,  reducing  the  amount  of  dust  passed. 

However,  the  total  amount  of  dust  the  engine  ingests  creates  the  major  damage 
and  not  the  momentary  high  concentrations  or  pulses  of  short  duration.  Therefore, 
it  was  decided  to  test  at  various  dust  levels  and  determine  the  length  of  time 
required  for  indication  of  dust  at  each  level  and  the  total  quantity  of  dust 
ingested  at  each  level.  The  level  of  0.39  mg/SCF  was  the  lowest  level  that 
could  be  continuously  fed  and  was  56  percent  higher  than  the  expected  levels  of 
0.25  mg/SCF  for  a  new  filter  in  worst  dust  conditions. 

The  test  facilities  were  capable  of  operating  under  controlled  flow  rate, 
controlled  dust  feed  rate,  and  absolute  filtration.  The  dust  tunnel  was  approxi¬ 
mately  12  feet  long  with  a  3-foot  diameter  absolute  filter.  Special  controls 
held  the  air  flow  at  the  preset  selected  value.  The  tunnel  was  operated  at  918 
SCFM  of  intake  air  and  AC  Fine  Test  Dust  was  fed  to  the  air  intake  from  a 
rotary  table  variable  speed  feeder.  Times  were  measured  for  detector  activa¬ 
tions  and  total  dust  ingested  was  determined  by  weight  increase  of  the  absolute 
filter  in  the  dust  tunnel.  The  device  was  found  to  be  repeatable  at  a  given 
dust  concentration.  At  the  0.39  mg/SCF  concentration  level,  the  response  varied 
within  6  percent  of  the  mean.  It  was  found  that  at  higher  dust  ingestion 
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rates,  the  sensitivity  increases,  thus  warning  of  dust  even  more  quickly. 
Table  2  summarizes  these  data. 


TABLE  2.  DETECTION  LEVELS  OF 
DONALDSON  DUST  DETECTOR 


Concentration 

of  Dust  in  Air  Intake,  mg/SCF 


Total  Dust  Ingested 
Before  Signal,  gm 


0.39 

2.3 

1.2 

2.9 

1.7 

3.0 

2.6 

2.9 

4.5 

1.7 

7.6 

1.7 

11.4 

1.7 

Sensitivity  of  the  detector  can  be  easily  varied  by  the  manufacturer;  there¬ 
fore  one  run  was  conducted,  where,  by  tripling  the  diameter  of  one  orifice  in  the 
sensor  cell,  the  sensitivity  was  decreased  by  a  factor  of  9.  From  this  single 
run,  the  sensitivity  appeared  to  vary  inversely  to  the  area  of  exposed  filter. 
Figure  1  illustrates  the  sensor  cell  and  the  arrow  indicates  the  orifice  to  be 
changed  if  sensitivity  changes  are  required. 

Figure  2  shows  elapsed  time  before  indication  (ETBI)  as  a  function  of  dust 
concentration.  From  this  figure,  it  can  be  seen  that  the  ETBI  of  the  detector 
decreases  as  the  dust  concentration  increases  and,  in  high  dust  conditions,  was 
less  than  10  seconds. 

The  DONALDSON  Detector  was  determined  to  be  effective  and  sensitive  and 
was  recommended  for  field  testing  by  SwHI  staff . 

2.  Royco--Royco  had  developed  a  prototype  bench  model  of  an  optical  dust 
detector  which  was  examined  and  tested  under  the  guidelines  of  SwRI .  The 
device  operated  on  the  forward  light  scattering  principle.  The  device  contained 
an  incandescent  light  source,  a  plastic  focusing  lens,  and  a  photodiode  sensor 
all  mounted  on  an  optical  bench  with  appropriate  light  shields,  baffles,  and 
masks.  The  device  was  extremely  sensitive  and  the  1-  to  40-mV  output  was  used 
to  trigger  the  alarm  indicator.  Test  facilities  at  SwRI  were  used  for  measuring 
the  sensitivity  range  and  repeatability  of  the  device  following  inspection  and 
training  at  Royco. 

The  device  was  very  responsive  to  small  particle  dust  in  air.  However, 
the  dust  to  be  detected  is  of  larger  particle  size  than  10  micrometers,  and  the 
detector  lacked  adequate  sensitivity  to  these  particles.  A  response  of  7  mV 
for  concentrations  of  2  mg/SCF  was  typical.  Noise  levels  and  drift  were  of  the 
order  of  1  mV.  The  chief  engineer  of  Royco  indicated  that  a  right  angle  scat¬ 
tering  device  would  be  more  likely  to  provide  the  increased  sensitivity  of  10  mV 
for  0.05  mg  dust/SCF  required.  The  right  angle  device  would  probably  be  more 
simple  in  design,  lower  in  cost,  and  easier  to  install. 

Royco  made  the  appropriate  redesign,  and  conducted  additional  tests  and 
calibration  using  a  dust  bench  apparatus  designed  by  SwRI.  The  modified  detector 
was  very  sensitive  to  the  size  of  dust  expected  in  the  field  application,  and  the 
principle  of  the  Royco  device  was  shown  to  be  effective.  However,  the  cost  was 
prohibitive  as  the  detector  is  a  very  sophisticated  device.  Royco  engineers  be- 


Figure  1.  Sensor  Housing  and  Cell  for 
Donaldson  Dust  Detector 
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Figure  2.  Response  Time  of  Donaldson  Dust  Detector 
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lieve  that  the  device  can  be  redesigned  from  different  materials  and  simplified 
to  bring  the  cost  into  the  range  required. 

This  redesign  would  take  significant  time  and  money  and  was  beyond  the 
scope  of  the  BITE  program ;  therefore,  Royco  was  dropped  from  consideration  in 
this  program . 

B.  Oil-BITE 


Most  of  the  potential  suppliers  for  Oil-BITE  requested  samples  of  oil 
which  exhibited  the  various  problems  previously  described.  Five  gallons  of  a 
highly  stressed  used  oil  with  nearly  50  percent  increase  in  viscosity  and  a 
high  acid  number  was  obtained,  analyzed,  and  made  available  to  those  respondents 
requesting  a  test  sample.  Norcross,  Northern  Instruments,  and  Texas  Instruments 
received  samples.  An  additional  sample  containing  high  wear  metals  was  also 
provided  to  Northern,  Pall,  and  Tedeco. 

The  results  and  responses  from  the  potential  suppliers  are  described  as 
follows : 

1.  Northern  Instruments- -The  along-side-the-vehicle  oil  tester  (LUBE-SAFE) 
marketed  by  Northern  Instruments  Co.  was  laboratory  tested,  and  its  performance 
was  similar  to  the  larger,  more  sophisticated  model  from  the  same  manufacturer. 

The  larger  model  had  been  under  test  at  the  U.S.  Army  Fuels  and  Lubricants 
Research  Laboratory  (AFLRL)  (located  at  Southwest  Research  Institute)  for  two 
years  and  had  correlated  satisfactorily  with  engine  condition  and  chemical 
laboratory  tests.  The  device  measures  the  dielectric  properties  of  the  lubricant. 

The  dielectric  property  decreases  as  oil  contamination  from  soot,  sludge,  acid 
buildup,  and  wear  metals  increases.  Fuel  dilution  causes  an  increase  in  dielectric 
constant,  and  oxidation  of  the  oil  causes  the  dielectric  constant  to  decrease. 

Erratic  meter  readings  (needle  fluctuation)  are  indicative  of  lubricant  contamination 
from  a  glycol  coolant  leak  to  the  oil.  The  device  does  not  distinquish  which 
property  is  changing,  merely  that  the  quality  of  the  oil  is  decreasing.  Appendix 

B  shows  the  operating  manual  of  LUBE-SAFE. 

After  careful  examination  of  the  LUBE-SAFE  device,  both  at  the  manufacturer’s 
plant  and  SwRI,  and  after  comparison  with  the  previously  tested  Lubrisensor, 
the  tester  was  used  to  test  a  series  of  selected  oil  samples.  In  every  case, 
where  the  oil  was  contaminated  or  stressed  to  a  severe  level,  the  LUBE-SAFE, 
like  its  sister  instrument,  Lubrisensor,  indicated  a  failure  case.  Based  on 
these  results,  additional  units  were  recommended  for  field  testing. 

2.  Texas  Instruments  (TI)--Qil  samples  were  shipped  to  TI  for  testing  of 
the  corrosion  monitor,  a  device  originally  designed  for  water  systems  but  with 
long-range  potential  as  an  oil  corrosion  (acidity)  monitor.  After  several 
months,  TI  responded  that  they  did  not  desire  to  participate  in  the  test  program. 

3.  Tedeco--This  company’s  chip  detector  was  responsive  to  high  wear 
metals  but  since  the  detector  does  not  detect  other  factors  influencing  oil 
quality,  it  was  not  considered  adequate  for  field  testing. 

4.  Pal l--0i 1  samples  were  provided  to  Pall,  but  the  cost  and  problems  of 
filter  removal,  handling,  and  subsequent  analysis  were  considered  too  great  to 
warrant  field  testing. 
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5.  Norcross--Oil  samples  were  provided  to  aid  in  design  of  a  true  built- 
in  viscosity  monitor.  The  device  could  not  be  developed  within  the  time  frame 
of  this  program. 

In  summary,  the  Northern  Instrument  LUBE-SAFE  analyzer,  although  not  a 
built-in  test  device,  was  the  only  candidate  which  appeared  to  have  potential 
for  the  field  test  phase . 
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VI.  FIELD  TEST  PROGRAM 


A.  Test  Sites  and  Equipment 

Ft.  Hood,  TX  was  selected  as  a  site  for  the  field  test  of  the  BITE  devices 
based  on  the  large  concentration  of  combat  vehicles  and  close  proximity  to  SwRI . 

Ft.  Lewis,  WA  was  selected  in  order  to  evaluate  the  Air-BITE  device  under  different 
geographical  and  climatic  conditions.  The  Director  of  Industrial  Operations 
(DIO),  Ft.  Hood,  was  visited  following  initial  coordination  by  TACOM.  SwRI 
personnel  briefed  the  DIO,  Battalion  Maintenance  Officer  (BMO) ,  and  Battalion 
maintenance  technicians,  on  the  program  objectives  and  the  devices  to  be  tested. 

A  commitment  of  full  cooperation  was  offered  by  all  personnel  concerned.  Table  3 
shows  vehicle  data  and  location. 


TABLE  3. 

TEST  VEHICLES 

Type 

Engine 

Vehicle 

Location 

Vehicle 

SN 

SN 

Ft 

.  Hood,  TX 

M60 

A0856 

5437 

Ft 

.  Hood,  TX 

M60 

A0189 

2211 

Ft 

.  Hood,  TX 

M60 

A0295 

2888 

Ft 

.  Hood,  TX 

M60 

A0412 

5097 

Ft 

.  Hood,  TX 

Ml  13 

55457 

SJ10287 

Ft 

.  Hood,  TX 

Ml  1 3 

6D32271 

C1118 

Ft 

.  Hood,  TX 

M113 

6D12750 

C5107 

Ft 

.  Hood,  TX 

M113 

6D35987 

C2363 

Ft 

.  Lewis,  WA 

M60 

A2546 

2842 

Ft 

.  Lewis,  WA 

M60 

9793 

4201 

Ft 

.  Lewis,  WA 

M60 

A0280 

3707 

Ft 

.  Lewis,  WA 

M60 

A07773 

4254 

Ft 

.  Lewis,  WA 

M60 

A0251 

4323 

Ft 

.  Lewis,  WA 

M60 

A2568 

3257 

1.  Test  Vehicles- -Air-BITE  Instal 1 at ion- -The  vehicles  to  be  employed  in 
field  test,  especially  for  the  Air-BITE,  were  the  M60  tank  and  the  M113  armored 
personnel  carrier.  Ft.  Hood  has  a  large  number  of  both  of  these  vehicles  in  opera¬ 
tion.  Plans  were  made  to  equip  four  M60fs  and  four  M113's  with  Donaldson  Dust 
Detectors.  Figure  3  shows  an  M60  to  be  equipped  with  a  pair  of  detectors.  The 
detectors  had  to  be  mounted  in  the  duct  work  between  the  intake  air  filters  and 
the  turbocharger  of  the  engine.  This  required  special  fabrication  of  duct  work 
and  hose  connecting  flanges  to  securely  mount  the  detector  and  retain  some 
flexibility  of  the  duct  system. 

The  flexible  intake  air  ducts  from  both  an  M60  tank  and  an  M113  personnel 
carrier  were  obtained  for  engineering  review  and  installation  of  the  Donaldson 
Dust  Detector.  A  design  conference  was  held  at  Donaldson  to  determine  the  con¬ 
figuration  of  the  detector-duct  work  assembly  for  both  types  of  vehicles  to  be 
included  in  the  field  test.  It  was  decided  that  it  would  be  best  for  Donaldson 
to  assemble  the  dust  detector  in  the  duct  work  to  simplify  installation  in  the 
vehicles.  The  M113  system  involves  a  section  of  metal  duct  with  a  ’’hump  hose" 

(a  flexible  connector  manufactured  by  Donaldson)  as  a  connector  on  each  end. 

The  metal  duct  supports  and  contains  the  dust  detector. 
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The  M60  installation  was  somewhat  more  difficult  since  the  air  ducts  have 
metal  flange  connectors  and  clamps  installed  as  an  integral  part.  Donaldson 
personnel  visited  Ft.  Ripley,  MN  to  determine  the  precise  position  for  locating 
the  detectors  on  the  M60.  Donaldson  also  contacted  the  current  manufacturers 
of  the  air  duct  and  obtained  the  ducts  directly  from  the  factory  so  that  Donald¬ 
son  could  do  the  custom  fabrication,  detector  installation,  and  testing  to 
assure  that  there  was  no  effect  on  sensitivity.  Four  single  assemblies  for  the 
M113  and  four  dual  assemblies  for  the  M60  were  obtained. 

The  dust  detectors  for  the  M113  were  delivered  to  Ft.  Hood,  but  the  units 
could  not  be  fitted  into  the  available  space  and  required  modification.  Each 
unit  required  custom  modification  because  of  variation  in  the  angular  position 
of  the  air  filter  housing  on  each  M113.  Significant  variation  in  air  filter 
housings  and  installation  positions  is  common  on  M113's  according  to  DIO  shop 
personnel.  The  custom  fitting  required  rather  involved  cutting  and  rewelding 
of  the  metal  tubing  which  supported  the  dust  detector  to  align  the  tube  between 
the  air  filter  and  the  air  intake  elbow  of  the  engine  in  close  enough  spacing 
to  allow  hose  coupling  with  clamps.  Figures  4  and  5  are  photographs  of  dust 
detectors  installed  on  different  M113  vehicles.  Note  the  variations  required 
in  installation  for  the  different  vehicles.  Figures  6  and  7  show  the  location 
of  the  signal  box  in  the  operator's  area  of  the  M113. 

Similar  installation  difficulties  were  encountered  on  the  M60  because  the 
delivered  ducts  were  too  short.  Extensive  modification  were  required  to  obtain 
a  "good  fit"  of  the  duct-mounted  detector  in  the  limited  space  available. 

Figure  8  shows  how  the  flanged  elbow  required  lengthening  and  realigning. 

Figure  9  shows  the  completed  duct  as  modified.  Figure  10  shows  the  duct  with 
detector  in  the  mounting  position  to  the  turbocharger,  and  Figure  11  shows  the 
accessibility  of  the  sensor  in  the  detector. 


At  Ft.  Lewis,  the  Air-BITE  device  was  installed  by  making  a  3-inch  cut 
A  in  the  original  flex  hose,  the  dust  detector  venturi  was  then  inserted  into  the 

cavity  and  sealed  with  the  two  rubber  gaskets  provided  in  the  installation  kit. 

2.  Oil-BITE  Analyzers--The  Northern  Instruments  LUBE-SAFE  was  selected 
for  field  applications  testing  at  Ft.  Hood,  TX.  Even  though  this  instrument 
,  is  not  a  built-in  test  device,  the  principle  of  operation  showed  promise  and  a 

possibility  exists  for  a  built-in  device  in  the  future.  In  any  events  the 
tester  is  intended  as  an  AOAP  adjunct  and  not  an  AOAP  replacement . 

B.  Air-BITE  Field  Test 

The  work  accomplished  entailed  the  testing  of  the  Donaldson  dust  detector 
installed  on  four  Ml 13  armored  Personnel  Carriers,  four  M60  Main  Battle  Tanks 
at  Fort  Hood,  TX  and  six  M60  Main  Battle  Tanks  at  Fort  Lewis,  WA. 

The  objectives  of  the  test  were  to  determine: 

•  device  reliability 

•  effectiveness  in  detecting  dust 

•  correlation  of  AOAP  laboratory  data  on  silicon  content  in  the 
vehicles  engine  lubricant  with  dust  sensing  activations 

•  ease  of  maintainability 
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After  the  vehicles  were  fitted  with  dust  detectors,  each  was  to  be  operated 
as  prescribed  by  unit  operational  requirements  under  normal  operating  conditions. 
The  vehicle  crews  were  only  required  to  troubleshoot  the  dust  detector  systems 
and  replace  the  sensor  elements.  The  DIO  Maintenance  Division  was  responsible 
for  mechanical  and  electrical  repairs  on  the  systems.  A  copy  of  the  Air-BITE 
test  plan  and  procedure,  which  designates  assigned  responsibilities,  is  found  in 
Appendix  C. 

Crew  responsibility  upon  dust  detector  activation  was  to  record  the  date, 
hour  reading,  mileage,  sensor  replacement,  and  corrective  action  required.  Such 
action  would  consist  of  visually  checking  the  air  intake  system  for  damage, 
bent  air  cleaner,  broken  or  damaged  pipes,  cracked  or  loose  hose  connections 
and  clogged  air  filter. 

In  addition  to  determining  the  effectiveness  of  the  dust  detector,  it  was 
also  desirable  to  determine  if  dust  detector  activations  had  a  direct  effect  on 
the  level  of  silicon  in  the  engine  oil.  Therefore,  an  oil  sample  was  taken  at 
the  time  of  activation  and  sent  to  the  AOAP  laboratory.  Initially,  this  could 
not  be  accomplished  due  to  the  decentralized  assignment  of  the  vehicles.  Oil 
samples  were  being  taken;  however,  not  all  were  reaching  the  AOAP  laboratory  in 
a  timely  and  coordinated  manner.  To  correct  this  situation,  the  test  vehicles 
were  centralized  in  one  platoon.  A  significant  advantage  in  doing  this  was 
that  the  vehicles  would  operate  in  the  same  area  while  on  field  exercises  and 
one  platoon  leader  would  have  operational  control  of  the  four  test  vehicles; 
thereby  ensuring  the  crews  complied  with  all  test  procedures.  In  addition, 
four  like  vehicles  were  selected,  inspected,  and  designated  as  control  vehicles. 

The  test  and  control  vehicles  were  operated  in  like  field  environment  and 
terrain  for  approximately  the  same  duration  and  mileage. 

The  expected  flow  rate  at  full  throttle  for  an  M60  tank  is  600  SCFM  from 
each  of  the  two  six-cylinder  banks.  Driving  characteristics  of  the  M60  tank 
are  that  in  a  start/stop  cross-country  operation  it  can  be  expected  to  operate 
near  full  throttle  for  extended  periods.  It  is  during  these  driving  conditions 
that  the  dust  concentration  is  expected  to  be  the  heaviest.  The  detectors 
were  reliable  and  effective  in  detecting  dust  at  varied  flow  rates.  These 
observations  were  made  from  personnel  monitoring  activities  during  field  exercises. 

A  detailed  comparison  of  the  AOAP  laboratory’s  analyses  of  silicon  levels 
expressed  in  parts  per  million  was  made  on  the  four  test  and  four  control 
vehicles.  The  comparisons  are  based  solely  on  silicon  analyses  conducted  by 
the  AOAP  laboratory  at  Fort  Hood,  TX.  The  results  of  all  the  oil  samples 
submitted  on  the  test  and  control  vehicles  and  analyzed  by  the  laboratory  from 
1  April  to  31  July  1980  are  depicted  in  Figures  12  and  13.  As  evidenced  by 
Figure  12,  with  the  exception  of  vehicle  C-20,  all  the  test  vehicles  operated 
well  below  the  marginal  range  of  silicon  level  established  by  TM38-301-1 
(Joint  Oil  Analysis  Program  Laboratory  Manual  for  Nonaeronaut ical  Equipment). 

The  control  vehicles,  however,  as  seen  in  Figure  13,  operated  in  the  marginal, 
high,  and  abnormal  range  for  several  days  within  the  4-month  period.  Also, 
all  the  control  vehicles  required  AOAP-directed  oil  changes  while  in  the 
test  vehicles  only  vehicle  C-20  required  an  oil  chany-'.  It  should  he  noted 
that  vehicle  C-20  operated  with  an  undetected  air  ir  ;  tion  leak  before  and 
after  the  span  of  time  depicted  in  the  graph.  As  can  be  seen  in  Figure  12, 
this  vehicle  9 s  behavior  was  far  more  aberrant  than  the  other  three  vehicles , 

It  is  the  total  amount  of  dust  ingested  by  the  engine  that  does  the 
damage  and  not  the  momentary  high  concentrations  or  pulses  of  short  duration. 


PPM 
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In  the  case  of  vehicle  C-20  in  which  the  dust  detector  continued  to  activate 
and  the  problem  went  undetected,  the  number  of  activations  did  in  fact  have  a 
direct  effect  on  the  engine  lubricant  silicon  level.  On  the  other  hand,  vehicle 
021  depicts  an  activation  while  the  silicon  level  is  falling.  This  in  all 
probability  is  due  to  replenishing  of  engine  lubricant  causing  a  decrease  in 
silicon  level.  Vehicle  022  shows  an  activation  and  no  apparent  change  in 
silicon  level.  Therefore,  it  can  be  deduced  that  an  activation,  per  se,  will 
not  have  an  effect  on  the  engine  lubricant  silicon  level  if  effective  corrective 
action  is  taken  when  the  activation  occurs. 

The  engine  on  vehicle  020  failed  on  2  September  1980,  shortly  after  the 
comparison  test.  Cause  of  failure  was  attributed  to  a  faulty  air  induction 
system.  Based  on  the  number  of  dust  detector  activations  (Figure  12),  if 
proper  corrective  action  had  been  effected,  the  damage  to  the  engine  could  have 
been  prevented.  Appendices  D  and  E  reference  the  cause  of  failure. 

The  Donaldson  Dust  Detector  is  a  commercial  device  that  was  modified  by 
the  Donaldson  Company  to  be  adaptable  to  the  M60  and  M113  vehicle  air  induction 
systems.  Further  modifications  were  required  by  the  DIO  Maintenance  Division  to 
ensure  a  proper  fit.  Because  the  installation  lacked  the  ruggedness  required 
in  a  combat  vehicle  and  lack  of  training  on  the  part  of  the  tank  crews,  main¬ 
tainability  was  a  problem  throughout  the  test.  Excessive  equipment  downtime 
was  experienced  due  to  these  two  factors.  Examples  of  the  above  are:  electrical 
wires  and  connectors  damaged  when  removing  powerpacks  for  quarterly  services; 
detector  system  has  a  failsafe  feature  that,  when  electrical  continuity  is 
interrupted,  the  light  in  the  control  box  in  the  driver rs  compartment  comes  on; 
consequently,  control  boxes  were  damaged  from  tampering  when  after  sensor 
replacement,  the  light  would  not  go  off;  aluminum  flanges  were  damaged  by 
disconnecting  and  connecting  the  dust  detector  hoses  and  clamps. 

Only  two  activation  events  were  recorded  on  the  M113  test  vehicles.  One 
activation  was  caused  by  a  broken  electrical  wire  and  the  other  was  due  to  a 
clogged  air  filter.  The  AOAP  laboratory  did  not  make  one  recommendation  due  to 
silicon  level  on  any  of  the  M113  vehicles.  Test  results  indicate  that  the  M113 
vehicle  does  not  experience  a  dust  ingestion  problem  as  does  the  M60. 

The  vehicles  at  Fort  Lewis,  WA  were  not  utilized  as  expected  due  to  conditions 
after  Mt.  St.  Helen’s  eruptions.  However,  there  appears  to  be  no  variation  in 
the  performance  of  the  dust  detector  due  to  geographical  and  climatic  differ¬ 
ences  between  Fort  Hood,  TX  and  Fort  Lewis,  WA. 

One  engine  failure  occured  on  17  September  1980  at  Fort  Lewis,  WA  on 
vehicle  B-34  during  tank  gunnery  exercises  at  Yakima  Firing  Range.  The  dust  de¬ 
tector  did  not  activate  prior  to  the  failure.  In  checking  the  AOAP  laboratory’s 
oil  analysis  record,  it  was  found  that  the  vehicle  had  been  operating  with  silicon 
levels  in  the  high  and  abnormal  range  for  several  months  prior  to  the  installation 
of  the  dust  detectors.  There  is  no  record  of  an  oil  sample  at  the  time  of 
failure;  however,  the  sample  processed  prior  to  the  engine  failure  was  89  PPM 
of  silicon.  Therefore,  the  possibility  exists  that  the  damage  was  caused  by 
the  silicon  content  already  present  in  the  engine  lubricant  and  not  by  the 
ingestion  of  dust  at  the  time  of  failure. 

C.  Oil-BITE  Field  Test 


Between  200  to  400  vehicles  were  scheduled  to  be  monitored  by  Fort  Hood 
personnel.  However,  soon  after  the  program  began,  it  was  learned  that  this 
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could  not  be  possible  due  to  the  unit's  changing  weekly  commitments.  Therefore, 

185  vehicles  were  identified  for  sampling,  and  the  remainder  were  randomly 
picked.  The  Oil-BITE  test  plan  is  found  in  Appendix  F. 

Arrangements  were  made  to  obtain  any  unscheduled  oil  drain  samples  detected 
by  the  device  so  that  detailed  laboratory  data  correlation  of  tester  readings 
and  actual  oil  conditions  could  be  established.  Likewise,  coordination  with 
the  Fort  Hood  AOAP  Laboratory  was  made  to  provide  a  third-party  source  since 
the  laboratory  monitors  combat  vehicles  (M60,  M113)  oil  condition  on  a  monthly 
schedule. 

Key  personnel  at  Fort  Hood  were  trained  in  the  use  of  the  analyzers  and 
began  using  the  units  to  determine  the  optimum  procedure  for  record  keeping  and 
reporting.  SwRI  requested  the  following  information:  the  number  of  tests 
performed,  and  the  number  of  "bad”  oil  readings  with  the  analyzer.  After  a 
"bad”  reading  was  indicated,  samples  of  the  oil  were  to  be  sent  to  Fort  Hood 
AOAP  laboratory  for  analyses.  These  data  provided  initial  baseline  information. 
After  several  attempts  to  obtain  valid  data  from  field  personnel,  it  was  apparent 
that  in  order  to  obtain  data  under  controlled  conditions  the  LUBE-SAFE  Analyzer 
field  evaluation  program  would  have  to  be  reorganized  with  a  new  test  plan. 

The  revised  plan  enabled  SwRI  personnel  to  collect  all  samples,  make  the  necessary 
tests,  and  compare  results  with  the  AOAP  laboratory.  The  selected  vehicles  were 
sampled  by  SwRI  personnel  on  a  bi-monthly  basis  and  both  LUBE-SAFE  tests  and 
the  AOAP  laboratory1 s  data  were  carefully  coordinated  by  SwRI  personnel. 

A  total  of  1020  used  engine  oil  samples  extracted  from  M60  and  M113  vehicles 
at  Ft.  Hood,  TX  were  analyzed  utilizing  the  Northern  Instruments  Corporation 
LUBE-SAFE  Analyzer.  The  lubricant  that  was  used  for  the  calibration  of  the 
analyzer  was  taken  from  unit  stocks  of  MIL-L-2104C  OE/HDO  30  seasonal  lubricant. 

Of  these  total  samples  tested  with  the  LUBE-SAFE  Analyzer,  916  were  rated  as 
satisfactory  and  104  were  unsatisfactory.  However,  when  these  samples  were 
analyzed  by  the  AOAP  laboratory,  1006  were  satisfactory  and  only  14  were  unsatis¬ 
factory.  The  fail  index  for  the  LUBE-SAFE  was  10.19  percent  as  compared  to  the  AOAP 
laboratory's  fail  index  of  1.37  percent.  This  disagreement  is  considered  to  be 
unacceptable.  It  should  be  noted  that  in  order  to  ascertain  a  correct  LUBE-SAFE 
reading,  in  most  cases,  the  oil  samples  were  tested  using  three  analyzers. 

The  disparity  in  comparison  between  the  LUBE-SAFE  Analyzer  and  the  AOAP  labora¬ 
tory  can  be  attributed  to  two  factors: 

0  The  AOAP  laboratory's  standard  on  fuel  dilution  is  3  percent ;  conse¬ 
quently,  any  sample  with  3  percent  or  less  fuel  would  receive  a 
rating  of  satisfactory  while  the  LUBE-SAFE  fuel  dilution  standard 
was  1  percent . 

0  The  LUBE-SAFE  analyzer  must  be  calibrated  with  a  sample  of  unused 
lubricant  of  the  same  base  stock  as  the  lubricant  being  tested . 

Since  different  manufacturers  supply  lubricant  to  the  military,  the  possi¬ 
bility  always  existed  that  the  lubricant  used  to  calibrate  the  analyzer  was 
from  a  different  manufacturer  than  the  lubricant  being  tested;  therefore,  the 
reading  on  the  LUBE-SAFE  scale  would  be  inaccurate. 

Table  4  summarizes  comparison  between  the  LUBE-SAFE  Analyzer  and  the 
AOAP  laboratory. 
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TABLE  4.  COMPARISON  OF  LUBE-SAFE  ANALYZER  ANU 
AOAP  LABORATORY  DATA 


Number  of  Samples 

LUBE -SAFE 

Fail 

AOAP 

Lab 

Fail 

Lubricant 

Analyzed 

Sat 

Unsat 

Index* 

Sat 

Unsat 

Index* 

MIL-L-2104C, 

OE/HDO30 

1020 

916 

104 

10.2%* 

1006 

14 

1.4% 

Fail  Index  =  x  100,  % 
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VII.  CONCLUSIONS 


A.  Air-BITE 

On  the  basis  of  tests  performed  at  Ft.  Hood,  TX  and  Ft.  Lewis,  WA,  the 
following  conclusions  can  be  reached  on  the  Donaldson  Dust  Detector: 

1.  The  dust  detector  is  responsive  to  the  wide  range  of  dust  particle 
sizes  which  can  be  experienced  in  the  field  and  is  fully  capable  of  sensing  the 
presence  of  sand  and  dust  in  the  air  induction  system  of  the  M60  vehicle. 

2.  The  detector  is  an  effective  early  warning  device  that,  if  properly 
operated  and  maintained,  can  reduce  premature  engine  failures. 

3.  The  dust  detector  mount  in  its  present  commercial  design  is  not 
compatable  with  the  ruggedness  of  the  M60  vehicle  nor  does  it  offer  the  flexi¬ 
bility  required  for  ease  of  removal  and  installation  by  the  tank  crew. 

B.  Oil-BITE 

The  following  conclusions  can  be  reached  based  on  results  of  tests  con¬ 
ducted  utilizing  the  Northern  Instruments  Corporation  LUBE-SAFE  Analyzer  Model 
NI-3 . 


1.  Because  of  its  sensitivity  to  fuel  dilution  as  opposed  to  AOAP  lab¬ 
oratory  fuel  dilution  standards  (1  percent  and  3  percent,  respectively),  and 
because  of  its  reference  lubricant  calibration  requirement,  the  LUBE-SAFE 
Analyzer  does  not  warrant  adaptation  as  an  early  warning  adjunct  to  the  AOAP 
laboratory. * 

2.  The  LUBE-SAFE  Analyzer  meets  all  the  manufacturer's  specifications 
and  can  be  an  asset  in  fleet  operations  where  a  single  lubricant  formulation  is 
used  and  the  reference  lubricant  used  to  calibrate  the  instrument  is  exactly 
this  same  formulation . 


*  Personnel  at  Northern  Instruments  were  contacted  to  determine  if  the  sensi¬ 
tivity  of  the  analyzer  could  be  changed  to  correlate  with  the  AOAP  lab's  standard 
of  3  percent.  Northern  offered  two  alternatives: 

(1)  the  analyzer's  sensitivity  to  fuel  dilution  can  be  changed  to  a  higher 
percentage;  however,  if  this  is  done  it  will  also  alter  the  instrument's 
sensitivity  to  the  dielectric  constant  in  the  lubricant. 

(2)  to  modify  the  analyzer  by  installing  a  linear  scale  with  the  absolute 
zero  in  the  center  and  graduated  readings  to  the  left  and  right  of  center. 
Values  would  then  be  assigned  to  interpret  the  quantities  of  fuel  and 
other  contaminants  in  the  lubricant. 

Neither  of  these  two  alternatives  is  recommended  because  one  alters  a  very 
important  feature  of  the  analyzer  and  the  other  nullifies  the  simple  "GO- NO- GO" 
capability  which  is  necessary  for  field  applications . 


VIII.  RECOMMENDATIONS 


A.  Air-BITE 

If  the  Donaldson  Dust  Detector  is  to  be  considered  as  a  viable  adaptation 
to  the  air  induction  system  of  the  M60  tank,  the  following  recommendations  are 
made  to  improve  durability  and  performance: 

1*  The  dust  detector  mount  and  the  signal  control  box  should  be  of  a 
military  design  and  fully  compatible  with  the  rest  of  the  components  in  the  M60 
tank. 


2.  The  dust  detector  mount  design  should  offer  original  part  flexibility 
for  ease  of  removal  and  installation. 

3.  Electrical  wiring  should  be  incorporated  in  the  tank’s  main  wiring 
harness  rather  than  its  present  fuze-connected  adaptation. 

4.  The  electrical  cable  from  the  signal  control  box  to  the  switch  housing 
should  be  of  heavier  gage  wire  and  have  a  quick  disconnect  adapter  at  both 

ends . 

B.  Oil-BITE 

The  concept  of  having  an  Oil-BITE  which  would  serve  as  an  early  warning 
adjunct  to  the  AOAP  laboratory  analysis  could  in  fact  save  many  engine  failures ; 
therefore ,  it  is  recommended  that  further  investigation  continue  in  the  area  of 
Oil-BITE . 

It  is  not  necessary  for  an  Oil-BITE  to  readily  identify  contaminants  nor 
to  place  a  numerical  value  on  findings  as  does  the  AOAP  lab,  but  it  is  necessary 
for  the  instrument  to  correlate  with  the  AOAP  lab  guidelines  on  oil  degradation. 


IX.  LIST  OF  REFERENCES 


R§D  Field  Liaison  Division,  U.S.  Army  Materiel  Systems  Analysis  Activity 
Digest  #2,  May  1977. 

Field  Equipment  and  Technology  Division,  U.S.  Army  Material  Systems 
Activity  Digest  #4,  November  1979. 

Ferrara,  P.B.  and  Zearfoss,  R.J.,  "An  Evaluation  of  the  M60  Series  Tank  Air 
Induction  System,"  Reliability  and  Maintainability  Division,  U.S.  Army 
Material  Systems  Analysis  Activity,  Interim  Note  No.  R-76,  February  1980. 

Newman,  F.M.,  "Evaluation  of  Commercial  Induction  Air  Monitors  and  GO/NO-GO 
Oil  Quality  Testers  as  Built-In  Test  Equipment  (BITE),  Southwest  Research 
Institute  Interim  Report  No.  MED106,  AD  A007213,  August  1979. 


APPENDIX  A 

TECHNICAL  DATA  -  DONALDSON  DUST  DETECTOR 


35 


installation  instructions 


Donaldson  Dust  Detector 


v4J. 

'  T1 


The  Donaldson  Dust  Detectm  . 
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T« i  m<  >n . t •  1 1  all  fie- 

connections  and  joints  ut  the  «u»  ' t ’  ,i V  • 

system  hfl.-.f*'  the  Dust 
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s*ngle  signal  box  for  engines  win  vngli 
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Complete  Ktts 

Complete  Donaldson  Dust  Detector  Kits 

DDX00  4251 

S  n»|W-  Svi-’i  24  v-ilf  D  c 

DDX 00  4252 

Dual  System  24  Vi.'t  D  C 

DDX00  4254 

Quad  Sy  ti-.r,  24  Volt  D  C 

Service  Parts 

Service  Part 

Part  Number 

&qnal  Box.  Single  System, 

PI 2  0082 

24  Volt  D  0 

Signal  Box.  Dual  System. 

PI?  60H4 

24  Volt  D  c; 

Signal  Box.  Quad  System, 

P12  6085> 

24  Volf  D  C 

Dust  Sensor  (Replace  with  each 

P? 2  6088 

Air  Cleaner  Element  change) 

Cable  Assembly,  1b  feet, 

PI  2  6086 

Type  SJT 

Switch  Sensor  Housing  Assembly 

PI  2  6089 

Switch-Sensor  Housing  Gasket 

Pi  2  6090 

Ventun  Assembly 

PI  2  8449 

V  'tun  Gasket 

P 1 2  609 1 

F  ,e 

SFF  9  (Available  )<>»  ally) 

Decal  ptctured  is  affixed  to  each  signal  box.  It  is  important  that 
operators  are  familiar  with  the  Daily  Checkout  and  Warning 
Instructions  indicated  on  this  decal. 


■~o 

o 


Donaldson  Dust  Detector 
Daily  Checkout 

Before  starting  engine 
Turn  on  ignition  DO  NOT  start  engine 
—  Push  check  button  to  test 
A  tight  indicates  system  OK 

WARNING 

A  light  on  with  engine  running 
indicates  a  dust  leak 
Call  your  supervisor 


Front 

O  Right 


For  proper  installation, 
proceed  as  follows: 

1 


Tin  tn  st  local  on  lor  the  Donaldson  Dust  Detector  venturi  and 
s.v.fi  h  is  ir*.  the  bottom  a  sti  atqht  dud  |ust  ahead  of  the  intake 
it.  r  t.Jd  n>  tiirhm  hdnjff  inir-t  A  straight  section,  at  least  7  25" 
i s  i fr jit n I  for  installation  The  minimum  duct  inside 
diamrtiM  is  3  88"  See  Figure  1 

Bulletin  No.  P45-7649 

R*v  -  2f76 
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If  tt  is  necessary  to  place  the  venturi  and 
switch  housing  immediately  downstream 
of  a  bend  m  the  intake  duct,  the  unit 
should  be  mounted  on  the  outside  of  the 
bend.  See  Figure  2, 


Five  mounting  holes  aie  required  in  the 
duct  wall  as  shown  on  template  provided. 
See  Figure  3  Place  template  in  actual 
mounting  location  of  the  Dust  Detector. 
Carefully  center-punch  and  drill  hole  si/e 
according  to  template.  Remove  template. 
Clean  the  inside  of  the  duct  carefully  to 
protect  the  engine  from  damage. 


Check  an  passages  in  protruding  bosses 
of  the  switch  housing.  The  air  passages 
should  lx?  cleai  of  obstruction.  Align 
gasket  on  switch  sensor  housing.  Place  the 
switch  housing  over  the  end  holes.  Nos.  1 
and  5,  large  end  toward  engine  intake.  The 
bosses  will  fa  through  the  two  closely 
spaced  holes  and  into  the  pump  assembly. 
Place  the  1  4  28  x  1  5  in.  socket  head 
bolt  in  hole  No.  1  and  engage  the 
captivated  nut  in  the  pump  assembly. 

Place  the  second  1  4  28  x  1.5  in.  socket 
head  bolt  in  hole  No.  5  and  engage  the* 
second  captivated  nut  Pull  both  tight. 
Make  certain  the  PI 2  6088  Rubber  Dust 
Sensor  is  installed  and  the  service  cover 


The  1  4-28  x  1.5  in.  and  .75  m  long 
bolts  supplied  with  the  kits  are  for  use 
with  ducts  up  to  10  inches  thick  Use 
1  4-28  x  1.75  m.  and  1.0  in.  bolts  (not 
supplied)  for  ducts  from  .10  m.  to  .35  m. 
thick. 


Connect  cable  to  switch  housing  n-ceptacle 
Route  and  sec u t e  cable  along  tram*’ 
members  etc.  into  cab.  CAUTION :  Avoid 
ex h just  pipes  and  other  heat  sources. 


Place  pressure-sensitive  gasket.  Pi  2-6091, 
on  venturi  after  removing  paper  backing. 
The  venturi  is  placed  inside  the  duct  over 
the  five  closely  spaced  holes,  large  end 
toward  engine  intake.  Use  a  1  4  28  x  .75  m. 
bolt  in  hole  No.  4.  Engage  the  internal 
nut  in  the  venturi  assembly  and  tighten 
bolt  securely  using  a  3  16"  alien  wrench, 
keeping  the  pump  in  line  with  the  other 
holes.  The  internal  nut  is  a  deformed 
thread  locknut  anti  the  bolt  will  turn 
somewhat  hard.  Maintaining  alignment 
can  be  done  by  using  a  1  4  28  x  1.5  in. 
bolt  in  hole  No.  1  temporarily.  NOTE:  Be 
sure  to  remove  hod  from  hole  No.  7. 


Mount  signal  box  in  an  available  location 
in  the  cab,  visible  to  operatoi  {Figure  4i. 
The  signal  box  cover  should  be  removed 
from  the*  signal  box  prior  to  mount  ng. 
Heads  of  mounting  bolts  must  be  inside  the 
box  to  avoid  interference  with  internal 
components.  Reassemble  signal  box.  The 
pain'd  leads  from  the  signal  box  come  with 
butt  end  connectors  assembled  to  them. 
Place  the  cable*  wires  in  paus  m  the 
connectors  and  crimp  tightly.  Connect 
wires  black  to  black  and  white  to  white. 
The  signal  box  housing  must  be  grounded 
either  by  mounting  bolts  or  by  adding  an 
additional  grounding  wire.  NOTE  iVhen 
installing  dual  or  quad  systems,  t  onnect 
paired  leads  as  indicated  on  the  marking 


Connect  the  power  lead  with  the  fuse  as 
close  as  possible  to  any  te*  mmal  on  the 
vehicle  electrical  system  that  is  em  rg>/ed 
when  the  engine  is  running,  and  dead  whi 
the  engine  is  stopped  such  as  the 
accessory  side  of  the  accessory  swdeh. 
Proceed  to  Installation  Checkout. 


Installation  Checkout 


Before  your  Donaldson  Dust  Detector  is 
put  into  service,  please  check  these  points 

1.  Turn  on  accessory  circuit  that  powers 
the  Dust  Detector  system. 


2.  Push  test  button  on  front  of  signal  box. 
The  signal  light(s)  should  come  on  and 
remain  on  until  the  test  button  ts  released. 
If  so,  your  sy stent  is  operational. 

3.  No  light  If  the  light  does  not  come  on, 
proceed  to  No  3  of  the  Trouble  Shooting 
Guide.  After  correcting  the  problem, 
repeat  No.  2. 


4.  If  light  is  on  without  pushing  the  test 
button,  proceed  to  No  2  of  the  Trouble 
Shooting  Guide  After  correcting  the 
problem,  repeat  No  2 


Trouble  Shooting  Guide 

$ymp>  n  Cause  Remedy 


1  Light  comes  on  with  engine  Gross 

at  high  idle  or  full  load  and  Dust 

goes  off  with  engine  stopped  Leak 
and  circuit  energized. 


Visually  check  the  intake  system  for  damage,  bent  air  cleaner, 
broken  or  damaged  pipes,  split  or  loose  hose  connections,  etc. 

If  the  reason  for  dust  entry  is  not  determined  by  these  checks, 
it  will  be  necessary  to  disassemble  the  air  intake  system  and 
visually  check  for  leaks  from  the  clean  air  side  of  the  element 
back  to  the  turbocharger  or  engine  inlet. 

Because  most  leaks  found  by  this  device  are  small  tn  size,  it  is 
imperative  to  check  the  inlet  components  with  extreme  care. 
Most  of  the  time  dust  streaks  will  indicate  the  pomt  of  entry. 
After  the  cause  of  the  leak  is  found  and  corrected,  the  entire 
intake  system  must  be  carefully  cleaned  to  remove  any  residual 
dust  that  could  cause  an  additional  leak  indication  by  the  Dust 
Detector. 

Install  a  new  dust  sensor. 


2  Light  comes  on  with  system 
energized  but  engine  not 
running.  Note.  The  Donaldson 
Dust  Detector  utilizes  a 
normally  closed  circuit  as  a 
fail  safe  feature  Any  break  in 
the  circuit  will  cause  the  light 
to  come  on  when  the  system 
is  energized. 


a.  Push  sensor  in  firmly 

b.  Close  and  latch  cover 

c.  Check  to  see  that  cable  is  connected  at  switch  housing.  If  the 
light  is  on  and  the  cable  appears  to  be  correctly  installed-to 
determine  the  problem  area,  disconnect  cable  at  the  switch 
housing.  Insert  a  U  shaped  connector  in  the  two  holes  in  the 
plug  end  of  the  cable  as  shown  in  Figure  5 

With  the  cable  shorted  m  this  manner,  a  light  out  indicates  a 
defective  switch  housing.  Replace  switch  housing. 

If  the  light  remains  on  with  the  cable  shorted,  the  problem  is  a 
defective  cable  oi  light  box.  Cut  the  cable  at  the  light  box  side  of 
the  butt  connectors.  Short  the  leads  together.  If  the  light  goes 
out,  the  cable  is  defective.  Replace  the  defective  cable.  If  the 
light  remains  on,  the  light  box  is  defective.  Replace  light  box 


a.  Dust  sensor  not  in  socket 

b.  Cover  not  closed  and 
latched 

c.  Disconnected  cable, 
broken  cable  or  connectors, 
defective  switch  housing, 
defective  light  box. 


3  Light  does  not  come  on  when  a.  No  power  to  Dust 
test  button  is  pushed.  Detector 

b.  Bad  connection  in  box 

c.  Defective  light  oi  resistor 


a.  Check  and  correct  power  at  fused  lead  connection,  fuse  m 
fnseholdet  or  broken  power  lead  wire.  Signal  Box  not  grounded 

b.  Check  and  repair  wiring  in  signal  box 

c.  Replace  signal  box 


4 Light  on  at  idle,  but  goes  out  a.  Faulty  switch  housing  a.  Replace  switch  housing 
at  high  idle  or  full  load 
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Donaldson  Dust  Detector  Service  Instructions 


The  Donaldson  Dust  Detector  is  energized  at  all  times  during 
engine  operation.  IT  IS  MANDATORY  THAT  THE  DUST 
SENSOR  PART  NO.  P12-6088  BE  REPLACED  AT  EACH 
ELEMENT  CHANGE. 

To  replace  the  Pi 2  6088  Dust  Sensor: 

1.  Shut  engine  off. 

2.  Remove  accumulated  dust  on  and  around  the  outside  of  the 
dust  sensor  cover  before  opening. 

3.  Withdraw  the  dust  sensor  by  pulling  and  twisting  slightly 
being  careful  not  to  spill  any  dirt  into  the  receptacle. 

4.  Install  a  new  sensor  by  pushing  firmly  until  it  reaches  the 
bottom  of  the  receptacle.  Close  and  latch  cover.  NOTE:  The 
sensor  will  not  allow  the  cover  to  close  completely  unless  it  is 
prooerly  seated. 

5.  Be  sure  to  check  your  system: 

a.  Turn  on  accessory  circuit  that  powers  the  Dust  Detector 
system. 

b.  Push  test  button  on  front  of  signal  box.  The  signal  hght 
should  come  on  and  remain  on  until  the  test  button  is 
released  If  so,  your  system  is  operational. 

6.  If  light  remains  on  refer  to  trouble  shooting  guide 


Complete  Kits 


Complete  Donaldson  Dust  Detector 

Kits 

DDX00  4251 

S  -igi.  Sv,*.  •*  24  .  • 

DDX00  4252 

Dual  Sv  24  * 

DDX00  4254 

Qua«1  S4  -  24  v  *  2 

Service  Parts 

Service  Part 

Part  Number 

Signal  Box,  Single  System, 

PI  2  608? 

24  Volt  D  C 

Signal  Box,  Dual  System. 

P 1  2  6084 

24  Volt  D  C 

Signal  Box,  Quad  System, 

PI 2  6085 

24  Volt  D  C 

Dust  Sensor  (Replace  with  each 

PI  2  6088 

Air  Cleanet  Element  change! 

Cable  Assembly,  15  feet. 

PI  2  6086 

Type  SJT 

Switch  Sensor  Housing  Assembly 

P 12  6089 

Switch  Sensor  Housing  Gasket 

PI  2 6090 

Venturi  Assembly 

Pi  2  8449 

Venturi  Gasket 

PI  2  6091 

Fuse 

SFE  9  (Available  locally! 

Donaldson  Company  Inc  re$erv€S  the  right  to  change 
or  discontinue  any  model  or  specification  at  any  time 
and  without  notice 

Equal  Opportunity  Employer 

Copyright  1973  Printed  in  U  S  A  SMzrwe 


donaldson 


Donaldson  Company,  Inc. 

1400  West  94th  Street 
Minneapolis.  Minnesota 

Mailing  Address 
Bo*  1299 

Minneapolis.  Minnesota  55440 
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APPENDIX  B 

TECHNICAL  DATA  -  NORTHERN  INSTRUMENTS  LUBE-SAFE  ANALYZER 


41 


(BLANK) 


■■■■**&*  <ku*mmifrw 


AY  4r1  l  tINiO  L  AKf  S  VIA*! 


44 


ter  Adjustment 


TING  INSTRUCTIONS  TESTING 


47 


APPENDIX  C 


AIR-BITE  TEST  PLAN  AND  PROCEDURE 
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AIR-BITE  TEST  PLAN 
for 

Fort  Hood,  Texas 


Purpose 

To  investigate  and  generate  data  demonstrating  the  capability  of  commercially 
available  Built-In  Test  Equipment  (BITE)  instrument  for  monitoring  the  air 
entering  the  operating  engine  and  detection  of  the  presence  of  dirt. 

Scope 

The  commercial  device  to  be  evaluated  during  this  program  is  the  Donaldson 
Dust  Detector,  an  instrument  that  will  signal  the  operator  when  the  concentra¬ 
tion  of  dust  exceeds  the  level  expected  for  a  properly  functioning  air  filter 
system  so  that  corrective  action  can  be  taken. 

Points  of  Contact 


Hq  III  Corps  5  Ft.  Hood  -  Maj .  Russell  C.  Dougherty,  G-4 
Tel  (817)  685-6439 

Maintenance  Division  -  LTC  James  D.  Greear,  DIO 
Tel  (817)  658-2208 

1st  Cavalry  Division,  2/5th  Cavalry  -  1LT  Robert  Kocher,  BMO 
Tel  (817)  685-4043 

2nd  Armored  Division,  2/58th  Infantry,  1LT  Cornelius  A.  Banister,  BMO 
Tel  (817)  685-3734 

SwRI  -  Mr.  John  D.  Tosh  -  Supervisor,  Field  Operations 
Tel  (512)  684-5111,  ext.  2576 

SwRI  -  Mr.  R.A.  Alvarez  -  Fleet  Monitor 
Tel  (512)  684-5111,  ext.  3264 

Ft.  Hood  Oil  Analysis  Laboratory  -  Mr.  Norm  Smith,  Chief 
Tel  (817)  685-2909 

Responsibilities 

The  G-4  Office,  Hq  III  Corps  &  Ft.  Hood  will  be  the  central  contact  point  be¬ 
tween  SwRI,  DIO,  2/5th  Cavalry  and  2/58th  Infantry.  All  matters  pertaining  to 
the  evaluation  of  the  Donaldson  Dust  Detector  will  be  coordinated  through  Major 
Daugherty,  III  Corps  G-4. 

DIO  Maintenance  is  responsible  for  all  repairs,  installation  or  removal  of  the 
Donaldson  Dust  Detectors.  All  work  to  be  performed  on  the  dust  detectors  will 
be  coordinated  with  LTC  Greear,  Director  of  Maintenance. 


The  division  G-4*s  are  responsible  for  overall  staff  supervision  of  program  as 
conducted  by  subordinate  units. 


The  battalion  maintenance  officers  of  the  1st  Cavalry  Division,  2/5th  Cavalry  and 
2nd  Armored  Division,  2/58th  Infantry  are  responsible  for  care  and  safe-guarding 
of  the  dust  detectors  and  the  procedure  training  of  the  respective  crew  members 
on  those  vehicles  where  the  Dust  Detectors  are  installed.  They  will  insure  that 
the  attached  test  form  is  filled  out-recording  activation  events  of  the  dust 
detectors . 

SwRI  personnel  will  provide  technical  assistance  in  the  collection  of  all  data 
and  will  conduct  visits  on  a  bi-monthly  basis  to  monitor  the  program.  The  SwRI 
representative  will  coordinate  -th  all  members  involved  in  the  test  plan  at 
every  visit  to  Ft.  Hood. 

The  chief  of  the  Oil  Analysis  Laboratory  will  be  aware  of  all  vehicles  involved 
in  the  test  program  and  will  provide  SwRI  with  a  copy  of  DD  Form  2027  (Oil  Analysis 
Record)  on  all  samples  processed  on  the  test  vehicles. 
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AIR-BITE  TEST  PROCEDURES 


PRIOR  TO  STARTING  THE  ENGINE,  THE  OPERATOR  WILL  PERFORM  THE  FOLLOWING  PROCEDURES: 

1.  Turn  on  accessory  circuit  that  powers  the  Dust  Detector  System. 

2.  Push  test  button  located  on  the  front  of  the  signal  box.  The  light(s) 
should  come  on  and  remain  on  until  the  test  button  is  released. 

3.  If  the  light  is  on  without  pushing  the  test  button,  notify  the  battalion 
maintenance  officer  or  his  representative.  Once  the  problem  is  corrected,  proceed 
with  Step  No.  2. 

NOTE:  The  Donaldson  Dust  Detector  utilizes  a  closed  circuit  as  a  fail-safe 

feature.  Any  breaks  in  the  circuit  will  cause  the  light  to  come  on 
when  the  system  is  energized. 

IF  THE  SIGNAL  LIGHT  SHOULD  COME  ON  WHILE  THE  ENGINE  IS  RUNNING,  THE  OPERATOR  WILL 
PERFORM  THE  FOLLOWING  PROCEDURES: 

1.  Visually  check  the  air  intake  system  for  damage,  bent  air  cleaner,  broken  or 
damaged  pipes,  split  or  loose  hose  connections  and  clogged  air  filter  elements. 

If  the  reason  for  dust  entry  is  not  determined  by  these  checks,  notify  the  battalion 
maintenance  officer  or  his  representative. 

NOTE:  Once  the  cause  of  the  leak  is  found  and  corrected,  the  entire  intake 

system  must  be  carefully  cleaned  to  remove  any  residual  dust  that 
could  cause  an  additional  leak  indication  by  the  dust  detector. 

2.  An  engine  oil  sample  will  be  taken  and  sent  to  the  oil  analysis  laboratory. 

The  label  on  the  oil  sample  will  be  filled  out  in  accordance  with  existing  policy. 

3.  Test  Form  No.  1  will  be  filled  out  and  submitted  to  the  battalion  maintenance 
officer . 

4.  A  new  dust  sensor  will  be  installed.  To  replace  the  dust  sensor: 

a.  Shut  engine  off. 

b.  Remove  accumulated  dust  on  and  around  the  outside  of  the  dust  sensor 
cover  before  opening. 

c.  Withdraw  the  dust  sensor  by  pulling  and  twisting  slightly,  being 
careful  not  to  spill  any  dirt  into  the  sensor  receptacle. 

d.  Install  a  new  sensor  by  pushing  firmly  until  it  reaches  the  bottom 

of  the  receptacle.  Close  the  latch  cover.  The  sensor  will  not  allow 
the  cover  to  close  completely  unless  it  is  properly  seated. 

NOTE:  It  is  mandatory  that  the  dust  sensor  be  replaced  at  each  air  filter 

element  change. 


FT.  HOOD  -  DUST  DETECTOR  TEST  PROGRAM 


Test  Form  No 


APPENDIX  D 

DA  FORM  3254-R  OIL  ANALYSIS  RECOMMENDATION 
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^1L  ANALYSIS  RECOMMENDATION  AND  FEEDBACK 

of  this  form  te»  TD  *3  0106  and  TB  *3  0210.  ih*  proponent  ®»»ncV  it  DAHCOM. 

_ 4 _ _ _ 

y.  f  IE  LO  (Include  ZIP  Code  ond  Telephone  Hutnb.r) 


REQUIREMENT  CONTROL  SYMHOL 
CSCLD — JB 18 

3  LAB  RECOMMENDATION  NUMBER 


2/8  ARMOR.  iCD 
Bldg.  #30017 
Ft.  Hood  Texas 


l  2.  FROM:  LABORATORY  (Include  ZIP  Code ) 


Ft.  Hood  Oil  Lab 
Bldg.  £7012 
Ft.  Hood,  Texas 


80-128 

4  END  ITEM  MODEL 

M60A1 

5.  END  ITEM  SERIAL  NUMBER 

5436  (036) 

6.  COMPONENT  TYPE 

Engine 

7.  COMPONENT  SERIAL  NUMBER 

A0856 

8.  COMPONENT  TIME  (Houre/M He*) 


9  RECOMMENDATION  and  REASON  FOR  ACTION 


Unknown 


Evaluate  component  for  serviceability.  Suspeit  piston  ring, piston,  and  cylinder 
wear.  Suspect  faulty  induction  system.  Report  findings  and/or  parts  used  for  re¬ 
pair  of  component  to  this  lab;  utilizing  reverse  side  of  this  form,  if  necessary. 
From  December  of  1979  throught  July  1980  there  were  6  Recommendations  made  to  check 
out  the  induction  system  and  correct  the  faults.  In  July  1980,  Stas  Personnel 
Found  both  air  boxes  did  not  seal  properly-  Recommended  that  Left  Air  Box  Door 

be  replaced. 


[to.  signature  and  title  of  initiator 


.■&  B  C AKRAWAY /ASST  LAB  CHIEF 

12  NOTE  FOR  ARMY  AVIATION  ONLY; 

Eauipment  Improvement  /^Kommendttion  (FAR).  DA  Form  2407.  w#ll  be  submitted 
when  maintenance  is  performed  du*  to  impending  or  incipient  tiilufe  indicated  by  oil 
analysis.  Failure  Code  916. 

1  C.  F  E  FOB  ACK  (Maintenance  Performed/ Act  ion  Token) 


11.  DATE  f/7c>  Month  Year) 

8  September  1980 

13.  El R  NUMBER 


l  IS  FROM:  FILLO/OEPOT  MAINTENANCE  I'L  HSOMNE  L 


16  DATE  IDuv-Monfli  YeorJ 


..'TO:  1  /-.FOR  AT  ORY 


NOTE  TOR  ARMY  AVIATION  ONLY: 

Copy  of  this  foim  with  DA  Form  7*0?  (FAR)  ct: ached  will  be  sent  to- 
Commander.  TSARCOM 
Attn:  DRSTF-OEPI2) 

4300  CV v*  Blwd. 

St  Lou <t.  MO  63120 


fOHM 
1  JUN  7 P 


325'1-R 


(  D I  T  ION  OF  1  OCT  73  IS  OB  SOLE  T  E 
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APPENDIX  E 

FH  FORM  597,  REPAIR  DATA  SHEET 
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Type  of  failure  (Check  One) 


Lubrication 


Handling 


Cannabalized 


Air  Induction 


inproper  Installation 


Case/Parts  broken  _ _ Cooling  Systen _ 

Other  (List^^g^ _ pt  ^ 

Your  opinion  of  failure  cause/or  contributing  factor  ^ , 


1'echanic  Dignaturfc 

FHi^uTt.597cm.t, 


rmm:. 


eman  Signatu 
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APPENDIX  F 

OIL-BITE  TEST  PLAN  AND  PROCEDURE 
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OIL-BITE  FIELD  TEST  PLAN 
for 

Fort  Hood,  Texas 


Purpose 

The  purpose  of  this  program  is  to  investigate  the  capability  of  a  commercial ly- 
available  Built-In  Test  Equipment  (BITE)  instrument  for  monitoring  engine  oil 
condition  in  support  of  the  Army’s  Oil  Analysis  Program. 

Scope 

The  commercial  device  to  be  evaluated  during  this  program  is  an  instrument 
capable  of  measuring  the  dielectric  constant  of  lubricating  oils  and  giving  a 
GO/NO-GO  indication  of  potential  oil  distress  which  would  be  followed  up  with 
further  clarification  of  oil  usability  by  the  AOAP  laboratory.  This  field  test 
project  has  been  established  to  determine  the  feasibility  of  testing  the  condi¬ 
tion  of  crankcase  oil  for  combat  vehicles  on  oil  quality  criteria  rather  than 
mile/hour  intervals. 

Point  of  Contact 


Fort  Hood 


The  Fort  Hood  G-4,  AFZF-GD-M,  has  indicated  their  willingness  to  support  the 
evaluation  program.  Point  of  contact  is:  Captain  Tony  Beavers,  Hq  III  Corps  § 

Ft.  Hood,  Attn:  AFZF-GD-M,  Ft.  Hood,  TX  76544.  Telephone:  Autovon  737-7197/6530, 
Commercial  (817)  685-7197/6530. 

Southwest  Research  Institute 

SwRI  will  be  conducting  the  evaluation  and  will  furnish  any  necessary  equipment 
and  instructions.  Point  of  contact  is:  Mr.  John  D.  Tosh,  U.S.  Army  Fuels  &  Lub¬ 
ricants  Research  Laboratory,  %  Southwest  Research  Institute,  6220  Culebra  Road, 

San  Antonio,  TX  78284.  Telephone:  Commercial  (512)  684-5111,  ext.  2576, 

Responsibilities 

Ft.  Hood  will : 

•  Identify  three  (3)  organizational  motor  pools  for  oil  samples  to  be 
taken  from  the  crankcase  of  combat  unit  vehicles.  Approximately  20 
vehicles  should  be  identified  in  each  unit. 

•  Furnish  vehicle  I.D.,  (i.e.,  bumper  number,  engine  serial  number). 

•  Provide  a  one-quart  sample  of  base  lubricant  from  each  company  motor 
pool  stock  designated  to  participate  in  the  "Oil-BITE"  Field  Test 
Program. 

•  Provide  assistance  to  SwRI  personnel  in  collecting  the  crankcase 
oil  samples  on  a  semi-monthly  basis. 

•  Provide  liaison  support  to  ensure  vehicles  are  available  for  oil 
sampling. 


A 


Southwest  Research  Institute  will: 

•  Provide  technical  assistance  in  the  following  areas: 

•  Collect  used  oil  samples  on  a  semi-monthly  basis. 

•  Conduct  analysis  using  "LUBE-SAFE"  analyzer. 

•  Record  data  to  correlate  with  AOAP  laboratory  results. 

•  Deliver  used  oil  samples  to  AOAP  laboratory. 

•  Provide  4-oz  sample  bottles  to  be  used  in  the  collection  of  used 
engine  oil  samples. 

Period  of  Field  Test 


This  evaluation  will  be  conducted  over  a  three  (3)  month  period.  However,  the 
possibility  of  extending  the  evaluation  over  a  long  period  will  be  coordinated 
with  Fort  Hood  personnel  prior  to  end  of  FY79. 
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OIL- BITE  TEST  PROCEDURE 


THE  FOLLOWING  PROCEDURES  WILL  BE  ADHERED  TO  WHEN  USING  THE  LUBE  SAFE  ANALYZER: 

1.  Tip  and  hold  down  Tippette  Switch  in  Battery  Test  position.  The  pointer 
must  come  to  rest  in  the  Battery  OK  zone.  If  not,  replace  battery. 

2.  Wipe  Sensor  cavity  carefully  and  thoroughly  with  clean,  dry  tissue  or 
cotton  wad. 

3.  Fill  the  Sensor  cavity  with  new  oil  of  same  make  and  grade  as  oil  to  be 
tested , 

4.  Tip  and  hold  down  Tippette  Switch  in  Operate  Position.  Zero  the  pointer 

of  the  Oil  Status  Indicator  by  turning  the  Calibrate  Screw  in  either  a  clockwise 
or  counterclockwise  direction.  Release  the  Tippette  Switch. 

5.  Again  thoroughly  clean  the  Sensor  cavity.  The  instrument  is  now  calibrated 
and  ready  for  testing  used  oil.  Recalibration  should  not  be  necessary  unless 
the  unit  is  subjected  to  significant  humidity  or  temperature  changes,  although 
it  is  a  good  practice  to  recheck  calibration  periodically  during  testing. 

6.  Fill  the  Sensor  cavity  with  used  oil  to  be  tested. 

7.  Press  and  hold  down  the  Tippette  Switch  in  Operate  Position  for  10  to  15 

seconds  and  observe  the  Indicator  pointer. 

8.  The  color  of  the  zone  in  which  the  indicator  pointer  comes  to  rest  indicates 
the  oil's  condition. 

a.  The  lower  scale  (petroleum)  is  used  for  petroleum  based  oils 

b.  The  upper  scale  (synthetic)  is  used  for  synthesized  oils 

9.  If  the  indicator  pointer  comes  to  rest  in  the  green  zone,  the  oil  is  still 
satisfactory.  If  the  pointer  comes  to  rest  in  a  red  zone,  the  oil  is  contaminated 
enough  to  be  changed.  The  further  into  the  red  zone  the  pointer  moves,  the 
greater  the  contamination. 

10.  Clean  the  Sensor  cavity  and  proceed  to  the  next  test  sample. 

NOTE :  If  a  reading  of  "BAD"  is  obtained,  an  oil  sample  will  be  submitted 

to  the  AOAP  Lab  for  verification  prior  to  changing  the  oil. 
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